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. SUMMARY

In Apil, 1986, the Nationd Indtitute for Oooupetiond Seety and Heelth (NIOSH) recaived areguest from Prgiect Orais Inc, to evelugte
expoauresaf Srgeons nurses and ather gt membasto anedhetic gesesand dhylene axide (BO) during rouinesurgical and derilization
adtivitiesaboard agpadaly modified DC8 aradt teeching eyehogaitd. Rrgedt Orlas Inc, isanonprafit organizaionwhose primary
pupoeisto exdrangeeye rgicd tedniquesbewem visting eye physdansand hogt physdansin sdedted countriestiroughout thewarld

On iy 811, 1986, aNIOSH indudtrid hygienist condudied an environmenta survey aooard thearardt during themissonin Sen Josg
CodaRica Duing theevauation, persond bregthing-zone (PBZ) and ganerd area(GA) ar sampleswere cdlledted for messremant of
nitrousaxide (N,O), hdlatheng, and isoflurane during sedted eye gparations: To deeminetheextant of EHO expoaure PBZ ad GA ar
samplesweareadledted during deilization edivitieswhen ampoues o liquid BO (Amprdenet dailizing ges) wereussd o dailizesugicd
imdemats

N,O expoaresdf twdve oparating room (OR.) parsonnd ranged from 42 to 137 partspar million (ppm) during the period of ges
adminidration. Theselevels by compearison, exoesoed the NIOSH recommended exqposurelimit (REL) of 25 ppm, whichisbdiieved tobe
achievable usng enginesring contrdsand good wark pradiices: Exposuresto hdlathene and isoflurane ranged from 0280 34 pomand
from 0.19t0 2.2 ppm, respectively. Oomairajorsd both helogeneted compounds ether met or excesded the NIOSH REL of 05 ppm
for 7 of the12 OR. g&f. Exposresto anethelic gessswearenat only confined tothe OR. Thereovery room nursg whose primary
expoaLreto anesthetic geseswas from exhdled bregth of " off-gessing” potioperative patients wasexposad to N,O & levdsupto 79 ppm
adtoisfluranea levdsupto 096 pom. Reautsdf the GA ar sarpesreveded thet theaudiovisud (AN) room contained rlaively high
levelsaf NLO (1010 59 ppm) and isoflurane (0.16 to 0.33 ppm) during oparatioswhere ges anesthesawes used inthe OR,, indicating thet
the ANV tednidansaredso exposed towedeanedhdic gesss Therdaively highlevdsaf NLO inthe OR. weredtributed tolesksinthe
aneshesaand ayoaurgay medhinesand to thefact thet the anesthesamechinewas nat euiipped with awedie Scavenging sysem.

BO conoantraions meeaLred in the bresthing zone of nurseswhileloeding and unlceding pedkaged itemsfrom the Seilization dhember
ranged from 1.6 to 17 ppm and were highest during the pheseiin the aaration processwhen individud peckeiswereremoved from thelarge
begsfor edditiond agration. O exposures assodiaied with both of thesetaskswererdativdy brief in neture, typicaly legting no morethen 1
to2minues HOwaspresat inthedailization roomat levdsup to 12 ppmwhen the Orais St initialy boerded the planeprior to
adivaion of themain powver fdlowing ovemight deilization. The BBO conoantrations dropped to lessthen 0.3 pom severd minutes fter the
main powe (j.e, ventilation) wastumed on. EBO was a0 presant & low conoentrations (05-0.7 pom) inthecargo hdd duringa10 minute
paiod when nurssswereabtaning medical upplies and weasatributed to an exhneud fan usad to ventilae Sailization/agraion damber.
Based onthefat the darementionad adivities ather invaved brief exposureduraionsandlor low expoaurelevds the NIOSH shart-tem
(20minue REL. of 5pomweasnat exceeded. However, giventhet O isaypatentid humen cardinogen, expoauresshould beminimized as
muchaspossble

Thedetacalleted during thisevaugtion indicated thet the aperating and recovery room gt were being exposad to conoantrations of
nitrousaxide, helatheng, and istfluranein excess of the NIOSH REL's Although EO expoareswererdaively brief and bdow the
NIOSH dhot-tem REL, further redudion in expoaure should bemedkein light of thefadt thet BEO isapatentia humen caranogen.

Recommeandationsare medkein Sadtion VI whichwill hep to achieve good contrdl of exposurestivough use of enginesring contrdls good
work pradtices and prevertive maintenance
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adz1
The data collected during this evaluation indicated that the operating and recovery room staff were being exposed to concentrations of
nitrous oxide, halothane, and isoflurane in excess of the NIOSH REL's. Although EtO exposures were relatively brief and below the
NIOSH short-term REL, further reduction in exposure should be made in light of the fact that EtO is a potential human carcinogen.
Recommendations are made in Section VII which will help to achieve good control of exposures through use of engineering controls, good
work practices, and preventive maintenance.

http://www.cdc.gov/niosh/hhe

Il. INTRODUCTION

OnApil 4, 1986, theNationd Inditutefor Oooupetiond Sefety and Heelth (NIOSH) recaived areguest from thenurseadminigirator of
Prget Ortais Inc,, to evduateexposres of Surgeons nursss and ather 9af membersto weste anesthelic gesssand ethylene oxide (HO)
during rauinesurgica and deilization adivitiesaboerd thar gpadialy modified DC-8 arardt teeching eyehogaitd. Inresponsetotherequed,
anindudrid hygenis from NIOSH condudted an environmeantdl survey aboard theararaft during thelegt wissk of aschedied 3wesk
missonin SanJosg CodaRica Duing thesunvey, ar ssampleswere colledted to essesswarker exposLreto theanesthetic geses nitrous
axide (N,0), hdatheng, and isoflurane, and to BO during deilization adivities Prdiminery findingsand recommanceiorsweareprovided to
the Prget Oris gt a thecondusonof thesurvey on duly 11, 1986.

. BACKGROUND

Prged Orais Inc. isanon profit, intemationdl, flying teeching eye hogaitd whose purposeisto exdangeeye aurgicd tedniquesbawean
vigting eyedodarsand hod eyedodtors on board agpedidly modified DC-8 aradt. Appraximetdy 20 g&f membars induding
gohthdlomlogigts nurses admindrators and tednidans are assodated with eech misson, which usLlly legts 1 to 3wesks inhogt countries
throughout thewarld.

All eyesrgary necessitated theadminidration of anesthelic egantsto petients Threediffarant techniqueswereused by the
aneshesdogdsto ssoe patients duning theseeye oparaions: Themodt common technique, used about 85-90%0 o thetime, invalved the
admindraion of alocd anedhetic. Theramaning two tedniquesinvaved theuse df inhdlation generd anesthesa. Duing thissurnvey, nitrous
axide (N,0) wasadminigared in conjundion with ether helathene or isoflurane: Thefird and marecommonly usad of thetwo tedniques
invavedinitidly gving the petient aseceiveimusderdaxant vial.V. inedion, faloved by gesadminigration viaintratrachedl intubetion. Inthe
ather tednique, primerily usad on eddlesoants the petient wes adminidered amixture of N,O and hdlathene viaaconventiond
(nontscavenging) gesimesk fdllowed by intratrached intubation with NLO and anedf the helogeneted compounds

Duing sHected oparations ayoaurgicd tednigquesweareamployed by the surgeon to sdedtively destroy (Vianeorass) benignar
premdignant lesaorsintheeye Thisprooadureinvaved theusedf aayo prabewhichismeaintaned a sub zero tampearature by ulsng NO
gesunde presare (the NLO adsasardrigerant). TheN, O gesisintroduoad viapressured ges oylinder into acontrd unitwhich
auomdicaly contrdsfreszeand defrot fundionsviaafoat snitch. Thegesypon exiting theprabeisverted from thearardt viaaoatrd
vauums/dem

Bhyleneoxide (HO) isusad to dsilize sHettad aurgicd impematsusadinthe OR. Itasto bedailizad areplaoad inindividuglized,
sHablepladtic pecketsand then plaoad inalarger platic beg with aglassampoule containing gopraximetdy 4 millilitarsof 2O (merketed s
Amprdene* dailizing ges). After thelarger begisssled with atwigt tietheampouleishraken and thebeg isplaced intb a120 liter cgpeaty
chamber whichisusad for bath geilization and aardtion (SA). Locd ventilationisprovided dong thetop of the dhamber door to contrdl
fugtiveBO amnissons UsLdly aminimumof 3ampoulesareused perlced. Because of the adverse hedlth effects assodiated with exposure
to O, the Oris & routindly loed the SA dnamber a theend of dally adivities immediatdy beforedeplaning. After ovemight dailization,
the chamber isagrated for gpproximetdy 15-17 hours (aaration can anly be done during the day because no power isprovided tothe plane
ovanight). After thisinitid aeration paiod theindividlel peckesareremoved from the beg, then placed bedk into chember for additiondl
(34 hourg) agrdion. Subsaguently, thefully aerated pedkeisareramoved and plaoed into forage cahings

Because of thedosadksystam ndure of the Sailization/aeration prooess BO exposureweashrief in netureand prinmnaily limited to indances
whentheitamsweredther placed into ar removed from thechanber.

V. METHODSAND MATERIALS

A.  WadeAnedhdic Gasss

ExposLre monitaring for wedte angthetic gessswas conducted on Uy 10 and 11, duning threeeye oparaionsinvaving wo differart
mahodsof aneshesaadminigration (tubeintubstion and mesk indudion). During eech of thethree gparations four indviduelsinthe
gparaing room (eg ananethesdogg, Surgeon, and two nurses) ware autfitted with air sampling devices to messLre thar expoaLre
tonitrousaxide(N,0), andto hdatheneandlor isoflurane. Apat fromthe OR. 9&if, ar ssmplesfar theseanesthelic gesssweared 0
ahtained from therecovary room nursewho wes patentially exposad to these gesesfrom off-gessing postopadive petients To
adoressaconcem regarding patantid infiltration of weste anesthetic gesssinto theaudiovisud (AN) room, dationary ar samples
waeadledad inthisaeaduing thesametime paiod these gessswarebang usdinthe OR.

N,O concantrationswere messured ulilizing two different sampling methods: Onesampling method consged of adlleding




compostear samplesin 22 liter mylar begs: Low flow pumps cdibrated a 02 liters per minute (Lpm), were usad toffill thebegswith
ar adleded fromthewarka’shresthing zone. Al geshbeg ar samplesweare Lossquently andlyzed onsteusng aporteble Miran
103* infrared oecrophatometer. Thisindrumant wasaso usad asadired-reeding urvey meter to ddaminewhether therewere
ay N,Olesksintheanedhdic gesddivay sydemar intheayo units Pre- and pogt-aurvey indrument cdlibration wes achieved by
ineding known quertiiesof pureNLO gesusng adosacHoop cdibration sydem thereby dloning acdibration aurveto bedravn
encompessing therange of imewea ghted averape N,O expoaurelevd sexpected andlor found duning thefidd survey. Itwesdo
used toindredtly esssssthegenard vattilaion sygeminthe OR.

Theather method used for mesaLring NLO levdswiasthe Landeuer Nitrax* dosimete. Thisisapessvemonitor whichcontansa
proprietary sorbent sdedivefor NLO. Thedosmeter wasusad for amgarity of the parsond samplesbecauseit offered an
dtemetiveto the somewhet cumbarsome gas beg sampling method, consdaning the goecelimitations aboard thedlane:

Becausedf NIOSH'S somenthet limited expariencewith the Nitrax* dosmeter intemsof itscomperahlity to the gesbeg method,
weadletted Sdey-9dear sampleswith bath methodsfrom Sx individuels for purposes of comparison

Air ssmplesfor hdaheneand isoflurane were adllected with edtivated dheraodl using low flow sampling pumps cdibrated & 02 Lpm.
Theesampeswaeadleded inthewarke'shresthing zonefar thesametime pariod ssthose samplesfar NLO. Bath andlytesweare
andlyzed by ges dhvometagrgahy using NIOSH Method 1003 with modifications® Thelimit of detedtion for theanelysisweas 0.1

milligram per sadefor bath anelytes
Nitrous Oxide Expoares Duing Gryosrgay

To addressaconoam regarding patentid N, O expoauresfram thearyosurgay units NIOSH adlletted ar samplesfromthree OR.
persond who ather adjudted or wereinthevidnity of theayo mechinewhileit washbeaing ussd. Monitaring was conoudied during
oparaioswharethe petient wasadminigered NLO aswl asthose oparaionswhare only alocd anetheticwasgiven. NO,
sampling methods smilar to those destribed abovewere usad to eva uste parsond exposres and to evdugte the NL,O ddivaery and
exad linesaf both ayo unitsfor thepresance o lesks

Ehyviene Oxide BExposres Assodatad with Sailizaion Adivities

Expoauremonitaring for ehylene oxide (BO) was conducted on Uy 8-11, 1986. HO expoaureswereevauated by odlledting bath
persord and generd areadr sarples Bregthing zonear sampleswere aolledted from nurses duning sdected tesks predomingtdy of
shart duration, which eforded the grestet patentid for exposreto HHO. Thesetesksinduded: (1) bresking of ampoulescontaining
liquid BO and then plading begs containing broken ampoulesand aurgicd implemantsinto the sailizationagraion (SA) dembe; (2)
urlceding o geilized, patialy agrated begsfrom the drambar and removing of individud pecketsand then pladng them beck into
dhamber for further agration; and (3) ramovd of medicd apdliesfrom the cargo hdd wheretheexhaud fan for the SA chamber wes
located.

Becauethe Oris gt typicaly enter thearadt beforethe mein power istumed on, thereweas concan thet, fdlloning ovemight
dailization, therewould be EHO insdethearadt. To addressthisconcem, generd areadr samplesweare cdlledted inthe Seailizer
room (en aeawherefugtive HO would modt likdy be presant) bath befareand dter the mein power wastumed on (Which, among
ather things adtivated thelocd exhaugt sygemfar the SA dnamber sswl astheganard vertilation sydam).

Toddeminewhether resdud EEO waspresat in agteilized, agrated plagtic Amprdlenet beg, ashort-tem air ssmplewastaken
ingdeausad beg shartly dter it wesremoved fromthe SA dhamber.

BO concantrationsweare messLred using Sorbernt tubesand, in some casss, diredt-resding indicator (Oetectar) tubes Thesorbart
tubes contaning hydrogen-bromideimpregreted cheraod, were attached via Tygort tulaing to persondl sampling pumps cdlibrated a
ather 02ar 1L5Lpm. Thehigher flomrateweas used in sarpling stugtiosswhare the expoaurestime weslimited (.e, lessthen bout
10minutes) Samplesweareandyzed by gesdramaiogrgphy acoording to NIOSH Method 1614. Thelimit of detedtion for the
andydswas26 maogarspa sarpe

Although nat nearly as sanditive asthe Sorbant tubes the detector tubeswere used primerily becausethey provided adirect
indication of the BBO conoantration & thetime of sample adlledtion.




EVALUATION CRITERIA

Enviromantd Gitaia

Asaguideto theevaugion of the hezards posad by workplace expoaures NIOSH fidd 9 enploy evironmenid evaugtion
aitaiafor sssessmat of anumber of demicd and physcd eganis Theseanitaiaareintended to Suggest levdsof exposretowhich
mog warkesmay beexposed up to 10 hoursper day, 40 hours par wesk for aworking lifeime without expariendng adverehedlth
dfedts Itis howeve, impartant to notethet nat dl workerswill be pratected from adverse hedith effedtsif ther expoaresare
mantainad bdow theselevds A STl percantage mey expaienceadvare hedith effedsbecause of individud susogatihlity, a

preedding madical condition, andlor ahyparsasitivity (dlegy).

In addition, Some hezardous Subdiances may act in combination with other workplaoe expoaures thegenard evironmart, or with
medicationsor parsond hehitsaf thewarker to produce hedlth efeds evenif the cooupetiond exposresarecontrdled & thelevd st
by theevduation aitaion. Thesecombinad effedsaredfiten nat conddered intheevadugion aitaria. Al somesUdancesare
absorbed by direct contact with the skin and mucous memioranes and thus patentialy increesethe oveardl exqposre: Frdly,
evdugtion aitaiamay dengeover theyearsasnew infametion onthetoxic efedts of an agent becomeavaldde

Thepimary sourcesdf evironmeantd evdustion aitaiafor theworkplaceare: 1) NIOSH Recommanded ExposuresLimits
(REL'9, 2 the Amaican Corference of Govemmeantd Induetrid Hygienists (ACGIH) Threshdd Limit Vaues(TLV'9, and ) the
U.S Depatment of Labar (OSHA) oocoupdtiond hedth ganderds: Often, the NIOSH REL's and ACGIH TLV'saelower then
the comesponding OSHA danderds Bath NIOSH REL 'sand ACGIH TLV'susLdly arebesed on marerecant informetion then
aetre OSHA dandards The OSHA dandardsdso may berequired to tekeinto acoount thefeeshillity of contralling exposuresin
vaiousindarieswhearethe agantsare ussd; the NIOSH REL 'sgandards by contradt, are besad primearily on concamsrdaing tothe
prevention of cooupetiond diseese Inevauging theexpoaLrelevdsand therecommanddtionsfor redudng theselevdsfound inthis
repart, it should benated thet indudry islegelly required to meet thoselevd sspedified by an OSHA dandard.

A timewdghted average (TWA) exposurerdasto theaverage arbome conoantration of asubdanceduring anonmd 8- to
10-hour warkday. Some subdianoeshave recommendad short-term expoaLrellimits or aglling vdueswhich areintended to
pdemat the TWA wharethare arerecognized toxic dfedsfrom high short-term expoaures

Aneshdlic Gasss

Repartsby Vasmar? and Askrog and Harvel d® wereamong thefirdt to identify aninareesed inddence of soontaneaus ebartioniin
women exposad to anesthetic geses and inwives of men exposad to anedhetic geses: 10 1974, the Amarican Soaely of
Aneghesdogigspublished theresits of astudy? indicating thet “femdle membars of the gperating roomrexpossd graup were
et toincreesed risks of gpontaneous abartion, congenital donomndlitiesin their children, canoer, and hepetic and rend diseese”
Thisrgpart dso Showed aninareesad risk of conganitdl onomrdlitiesin affgaring of mele operating room pasondl. Noinoreesein
canoer wasfound among the exposed meles but aninareesed inddence of hepetic disesse smilar to thet inthefamdlewas found.

Inasgudy published by NIOSH in 19769 "nitraus axide (N,O) and helathenein respective conoantrations aslow as 50 parts per
million (ppm) and 1.0 pom caused messrable decremantsin pafomeance on psychd ogicd tedisteken by hedlthy mdegradugte
sudants NL,O daorecaused smilar dfedts Thefundions goparently mogt sansitiveto theselow conoantrations of enestheticswere
vidd parogation, immediae memary, and acombaingtion of peragption, cognition, and mator responsesrepuired inatask of divided
atention to Smuitaneousvisud and auditory stimui.” Heededhe, fatigue, imitatility, and diiurbence of desp weredso reportsd ©”

Martdity and ather gaidemidogic sudieshaveraisad the quedtion of possible caranogeniaity of anedhetic geses but auffident delaare
presantly lacking tolist NLO or hel athene as sugpected cardnogans

Inangaidemidagical sudy of dentists Cohen et d.® compeared expossd parsonswho usad inhdlation anesthetic morethen 3 hours
par week with acontral group who usad noinhdation anesthetic. Theexposad graup reparted arate of liver dissese of 5.9 peroat, in
compaisonwitharaed 2.3 paraant inthe contrd group. Joontaneous abartionswarereported in 16 peroant of pregnandesof the
wivesof exposed dantigts in compaisonwith 9 percart of theunexposad. Thisdifferacewesdaidicaly sgnficat. Thisdudy dd
nat identify the oadific anesthetic baing used by the dentigs aurveyed, thet is whether they used NLO done or ahd ogenated apgat.
However, inareview of thet study, NIOSH® conduded thet "the helogeneted anesthetics dlone oo nat explain the positivefindings of
theaurvey and NLO expoaremug beanimportant contributing fectar, if nat the prinapd fadtar™'. Thiscondusonisbessdona
cdadaionwhichassumed thet ssmany as 1in 10 of thedentigsusing aninhdlaion anethdicemployesahdogenated apatt. If the
adud fradionislessthen 1in 10, thecondusion hes added drangth




Inadocument recommending agtandard for cooupetiondl exposureto wedte anesthetic gas NIOSHO recommended aTWA
exqpoared 25 pom duing anestheticadminigraion in hogaitas: Thisrecommenddionishesed primearily onavaladletedhndagy in
redliong weste anesthetic geslevdsin theseevironmants

Inarecant Sudy, Cohenet d. "2 reported resuits on quesionnaries sant 1o 64,000 dentitsand dentd assidants: Regpondantswere
asked to edimete thar cocupationd expoaureto anesthetic geses (eg, NLO, hdathaneeic) and to compleeahedth higary for the
peariod 196810 1978. Over 22,000 dentd assdantsand 23,000 pregnendeswhich oocurred during the sample period were
reparted. Among the dentigswho respondied, 42 peroant sad they usad anesthetic gesesregulaly inthelr practioces
Appraximatdy onethird of thet groupwere"heavy usars', using egaismorethen 9 hoursper wesk. Thesudy conduded thet:

1 Amogheavily anesheicedpossd dentigs aninoressein liver dssesefrom 1910 32 casssper 100, anincreesein kidney
dssesefrom 2410 29 cassspar 100, and anincreesefrom 0.3510 1.35 cases par 100 in nongpedific neurdlogical diseese
(numbnessttingling, and weskness) werereported rdative to the group reparting no exposLre to the anedthetic geses

2. Among heavily exposad fardedatd assgants aninareeseinliver dissesefrom 1.010 1.6 casesper 100, and anincreesein
nongpedific neurdogica dissesefrom 045 to 1.98 cases par 100 wearergparted rdaive to the non-exposad group of
agdants

3. Theraed goontaneousmicarriageinaressefrom 6.7 par 100 inthecontrdl group to 1.0 per 100 among wives of heawvy
anesthetic-exposed dentigs and from 7.6 cases per 100in nonkexposad to 17.5 casespar 100in heavily exposed famde
datd asddants

4.  Birth ddfedsinaressad from 3610 59 par 100 anong children of exposed femdeassdants howeve, noinareesein birth
Odfetswasreparted in children of exposed mdedantigts

5. Canoa inddencewas undhanged among male dentids but the rate among exposad famd e assdants gopeared somenhit
higher then among those unexposad.

Frdlly, because denigswork doseto the patient'smouth, and tend to uselarger vaumes of gesesto mainiain efedtive anesthetic, they may
recaivetwo to threetimesthe dose of anesthelic geses as gperating room pasonnd. Also, asudy of individud anesthetic gesssused in
dentd dofficesreveded thet NLO wasthe sleagant reported by 81 percant of thosedentigs using anesthelic geses: Cohen conduded thet
N,O, commonly knoan as"'laughing ges', hesdwaysbeen conddared to beinart and nontaxic. However, thisstudy indicated thet
"sgnificant hedth pralems gopear to be assodated with the use of nitrous oxice”

Although OSHA presantly doesnat heveapamissble expoarelevd for anestheic gesuch asNLO, NIOSH recommendstha
exposresbemantzined bdow 25 pomin hogaitds® Thisleve isbdlieved to beachievablewith curant enginering contrd sydemsand
goodwork practices

In regardsto the helogeneted anesthetic geses NIOSH recommendstht the hel athene and isoflurane level s be contrdlled to 05 ppmwihen
usad in conjundionwith N,O asit wesduring thisevalustion® Inmost casesthislevel can beachieved by contrlling nitrous axide expoaure
to25ppm. Instugionswheare bath hdlathene and isoflurane are usad, the exposure should be cond dered additive snce they produce
gmilar hedth effeds

B. EhaeOxde
1 AaseHfeds

Thepimay modedf expoareto éhyleneaxide (BO) isthraughinhdaion. BOisaninitant of theeyes regaraory tradt, and
sin Eaty symptomsof BBO exposureindudeinitation of theeyes noss, and throat and apeculiar tedte: Theddayed efedtsof
expoareindude heedache, neusss, vomiiting, pumoneary edema, branchitis drovainess weskiness and dedrocardiogrgph
aonomrdldiies™ Therehavedso been rgpartsof cases of neurctoxidity induced by ethylene axide expoare 349

Damd contet with sdlutions of ethyleneaxide aslow as 1% can cauebumswith edemaand eythema. Although kin
contact with undiluted BrO doesnat causebums it can causefrodhite asaresLit of rgpid eveporation® Thesevaity of skin
bumsfrom sdluionsof ehyleneaxide gopearstto beinfluenced by bath thelength of contat with the skinand therangth of the
oluions with saluionsaround SO%%xmingto bethemost hezardous™ Bath the undiluted lioid and sduions of BO mey
(as?]g)a/eeeyeimmmcrch’rme‘l and there have bean cesergparts of cataradtsamong warkersexposad to high levd s of
EO.



VI.

2. Cadnogenc, Mutspenic, and Rerodudtive Eifedts

BO hesbean dhomnto becaanoganictoanmas Inhdation of BO hesinduoad excesslekamiainferderasand
paitoned mesathdiomaand leukemiainmeeras Aninoresseinthenumber o giomes arareméignant tumor of theoantrd
navoussysem, wasaso obsaved ™ Thareisdso giidemidagicd evidencewhich suggeststhet workerswith extended
and intemittent exposLreto low conoanrations of ethylene axide may expaiencean increesed risk of lekemiaand somech
cancer, ascompared to unexpossd workers@

EO hesbaan shownto cause dhangesin thegandic mataial of lower bidagjcal pedesinduding Sdmondlad® and fruit flies®
aswall assmamms induding rabhité® and monkeys® Thesegandic dengeshavebeen shownto behaiteblein
epaimatswithmice® Severd sudieshavedemondtrated thet gendtic changes can dso coour anong humansexposad to
BO. Wokersexposad to HO have bean found to have sgnificantly increesed numbers of dromosomd ebaraionsand S
dvomatid exchanges as compared to workers unexposad to BtO. @2

Animd expaimaniswith BO haveind cated adversergrodudive effedsfrom HHO expoare. A decreeseinthe number of
pupsbom per litter wes dosarved among femelerats exposad to BtO prior to mating and during getationt®, and aninoreeseiin
thenumber of matfamed fetuses per litter wes dosarved among femdle mice adminidered BO intravenoudy during gestation @
Malemonkeysexposad to BO have baan shown to have redudionsin goerm court and pem matility. @ Thereisdsosome
humen evidence which suggeststhet women exposed to BO during their prepnendes mey expaienceinaresssd rates of
oortaneousabartions athough thisinfamation isnat condugive™

NIOSH recommendsthat O beregerded asapatantia oooupetiond cardnogen and thet exposureto O be contralled to
lessthen 0.1 pom asdetamined by an 8-hour TWA with ashort-tarm exposLrelimit nat to excead 5 ppm for amaximum of
10 minutespe day. Thisrecommeandationisbesed ontheavalablerisk asssssmant detawhich how thet evena anexposure
levd of 0.1 pom, therisk of exaessmartdity isnot completdy diminated - Effediveasof August 21, 1984, thedandard of
the Oooupetiondl Sy and Hedth Adminidration (OSHA) for cooupetiond expoaureto éhylene axidewesrevised
dommward from 50 pomto 1 ppm cdaulated ssa TWA conoaniration far an 8-hour work shift. Thisdownward revisonin
the danderd wasbesed on theanime and humen detashowing thet expoaureto BO presantsacaranogenic, muiagenic,
rgorodudtive, neurdogic, and sandtization hezard toworkers: Induded in the present OSHA danderd arerequiremantsfar
contrdling BO, parsond pratedtiveequipmant, messuramant of erployee expoalres training, and medicd survelllanceof the
exposed employess®

RESUL TSAND DISCUSSON

Wage Aneshelic Gasss

Thesampling reauitsfor nitraus axide (N,O), hdlatheng, and isoflurane arepresanted in Teble 1. 1t should benoted thet theresiitsfor
the peired samples utilizing gesbeg (GB) and Landeuer dosmeter (LD) sapling devicesdid nat cordatevary wdl for 3of 6 peired
sampless with thedosmater messring NLO levdsgopraximetdy 1.5to 25 timeshigher then the camesponding GB sanples For
puposssof thisevdugion thehigher of thetwo vadueswill beusad intheexposreasssssmant.

Duing thethreeeye oparaionsdl twevegparaing room (O.R) parsonnd who were monitored wereexposad to NLO & levdsin
exaessof theNIOSH REL of 25 ppm. Timeweghted average (TWA) bregthing zone conoantrations of NLO ranged fram 42 to
137 pom. (Despitethedifferencesnoted in three of the peired samples thelower GB sampleresitsindl three casesexcesded the
NIOH REL)) Gagdly, thehighes exposrewas mesared far the anesthesid ogists which wias antidpeted besad on their
praximity totheaneshetic gessource: Conoomiitart expoauresto hdatheneand isoflurane etther met o exaesded the NIOSH REL
o 05 pomfar ssvendf thetwdve OR. g&f. During the oparation where bath hel ogeneted compounds wiere used (mesk indudiion
fdlowed by intubetion) the combined expoare, taken Smply by adding the:arbome conoantration for eech compound, wes used for
compaison tothe 05 ppm aiterion, Sncethesetwo compounds produce smilar hedth effets

Themethod of gesadminidration gopeared to have an effect onthe degree of expoaure, epedidly totheaneshesdogs. His
eqpoarewas highes duing the gparation wheare the patient wasinduced withamixture of NLO and hdatheneviaaconventiond
(nonscavenging) mesk. During the 5 minuteindudion procedure NLO concatraionsin the bresthing zone df theanethesdogst
exosaosd 190 pom (the upper limit of the Mliren andlyzer) ascompeared tolevd slessthen 75 pom duning infubetion gperations

N,O gesleskswere daetted daong the bregthing drauit of theaneshesamechine primiaily a fledtubelmetd comnedions: Thiswes
patidly reporsblefor therdativey high aneshetic ges concantraionsfoundinthe OR. Anatempt wasmedeby the
aneshesdogs to comett thelesks a thetime of tesing but hewas unsuocessfiul. Heindicated thet atight fit could nat be dbtained with
theexiding flex tubing becauseit did nat gppeer to beinterchangestle with the menufadiura’s arigindl equipmeant.




Bresthing zonedr samplesdatained from therecovary room nursewhileatending to " off-gessing’ podioparative petiantsreveded
TWA N,O expoaresé levdsaf 24 and 79 ppm, and toistflurane at levdsof 0.87 10 0.96 ppm. Concentrationsof bath of these
anesthetic gesssather met or exaesded their regpediveexposurelimits: TheseresLitsshow thet therecovery room nursecan be
exposad tothe same anetheic geseslevdsasthe OR. 94, when the primery sourcedf exposirewasfrom gesesexhded fram
podiopearaive paientswhowaegven gengd aneshesa

The AN roomwesfound to contan rdaively high levdsaf NLO andisoflurane during eech of the oparaioswhere ges anedhesa
wasussd. Concantrationsranged from 10t0 59 ppmfor NO and from 0.16to 0.33 ppm for isoflurane: No hdlathenewias
Odeted. Becausethe ventilaioninthe O.R. wasmaintained under positive pressure (ar out) rdaiveto adjaining arees thepresance
o aneshdiic gesssin thisareaweas nat unexpedted, epeadly congdaing therdativdy high levdsmesared inthe OR.

Nitrous Oxide Exposures Duing U df Gyosurcay Madhind)

ResLitsaof persond monitaring condudted during use of theayosurgary medhing(9) arepresanted in Tehle 2. Expoaresvaried and,
asexpedted, ware higher when the aryo unit was used during an operaionwhere N,O was adminidered to apetient. Under these
conditionsan expoaured 120 ppmwias meeaLred, which nearly equialied the highest NLO exposure concentration messured for the
aneshesdage. By comparison, whenthearyo mechinewes used during an oparaion whereno anesthelic geswas gvento the
petient, NO expoaurelevdsdd nat excesd 16 pom. Basad on these messremants the aryo meching, evenwith lesks presant (sse
bdow), did nat produce N,O expoaresin excess of the NIOSH REL of 25 pom.

Lesksweareddetted & the high pressureand exhaud linesfar eech of the aryo units gpadificaly a the N O tark fitting, gesinlet
comedion, and & theend of theexheust hose near thewl-mounted evaoustion outlet. Furthemore, no sudionwesevidart fromthe
exhaug hosewhen comedted to theevaoustion aullet. Theexhaud fan for theevaoution sydemwes repartedy discomnedted and
usad to redaceasmilar but inoparalefan exnaug savidng theresroams until theanein therestroom could be repaired.

Ethyiene Oxide Expoaures Assodaied with Sailization Adivites

Tade3 prestsayondogcdly thear sanging reslitsfor BHO. Somepradlemsweareencountared with thefidd blank samdles
(presencedf BBO ondl blanks) and, asaresLt, the concentrationsreparted for those samples adllected on charood tubesareto be
cogdaed amadimum

BOwasdaetadindl three samples odllected during lceding and unlceding of peckaged aurgicd implemantsframthe SA

dhambe and in bath ssmples adllected during acopistion of medicd suppliesfromthecargo hdd. During two ssparde dramber
loeding tasks each lagting no longer then 2 minutes; bresthing zone BXO conoantrationswaremessred & 1.6 and 35 pom.
Unloeding of deilized, patidly agrated begsfrom thechamber, attesk which dso laged about 2 minutes reveded an BO
conoatrationof 17 ppminthenurssshresthing zone: At thispaint inthe agration processtheindividud pecketswerereamoved fram
large plagtic begs and placed bedk into the chamber for additiond aeration. Onedf the discarded begswiasfound to contain 30 ppm
BO asmesared with adired-rescing detector tube. EFO wias detected e much lower conoantrations (lessthen 0.7 ppm) inthe
cargo had during a0 minute pariod when nurssswere dataining madicd supplies Thesourceof BO inthisareawes an exhagt fan
usdtoventilatethe SA chambe. Basd inthefat thet the adtivities destribed above ather invaved brief eqposreduraionsor low
expoarelevds the NIOSH shart-tem 10 minute REL. of 5 ppmwias nat exceeded duning thesetasks

Twoganad aeaar samplesadleded onthemomingsof Uy 9and 11 inthestaizer roomimmediady dter initid boerding of the
aralt but prior to adivation of themein power, reveded EHO conoantrations of 2 and 12 pom, respectivdy. Onduly 11,
conoatrations dropped to lessthen 0.3 ppm severd minutes dter thegengrd/locd ventilation sydemswareadivaled. Thepresance
o BOinthedailizer roomindcated thet the Seilization equipment (chamber and/or duding)) isnat air tight and, asaresuit, workes
arepotentialy exposad far adhart paiod of timeto fugiive BO emissons, untl shortly &fter themein powver istumed on




VIl. RECOMMENDATIONS

Bassd onthear sampling resuits and the dosarvations mede during the eveluetion, thefallonving recommencetions are presanted with the
god of minimizing expoaured the Orbis gt toweste anesthetic gesssand ehyleneaxide

A,  WadeAnedhdic Gasss

1

Bventhough theuse of inhdlation anesthtic gesesisinfrenuiatt, it isrecommeanded thet ascavanging sydam beutilized to cdllect
weseaneshdicgeses Thiswouldindudetheusedof ascavenging nesal mesk in gparationswharethe petient isadmindered
gesviamesk indudion. Spedificinformation regarding types of weste ges adlledtion methodsfor theaneshesamedinead
Savagng mesk aeavaladeinrferace6.

A prevantive mantenance program should be devd oped and implemented to esure the the aneshesamechineand ayo
mechineaefreed leks Theseunitsshould be checked for lesksat leest monthly. All componanisof eechsydem canbe
eadly checked for lesks usng asogp solution. High pressurelesks (from thetark to themixing or contrd unit) canbeesslly
Odtected by kegaing alog of theline pressurewhen the N, O tark istumed dff & night and of thepressrethenet maming. A
drgp of morethen 10%6indicates alesk which should befound viaithe sogp sl ution technique and comedted,

Theedad fanthet savicesthewdl evaougtion aulet inthe OR. (used to evaougtiethe exhaud fram thearyo unit) sould be
replaoad.

Rostoparative petientswho hed reoavied anesthetic geses during ther aperation should be provided with ascavenging mesk
duing thar day intherecovery room. Instugtionswharetheusedf mesksisnat feesble (dueto petiat iliness) asrdl partade
fan should be used to reduce expoares o theatending nurse: Thefan should beplaosd in suchameaner thet freshar is
drected axrosstheface of the patient, thereby removing localized high concentrations of anedthetic geses exhdled by the petient
fromthebregthing zonedf theattending nure

Theaneshesamechineshoud besaviced a leest annudly by an authanized fadiary represanitiveto enaurethet thesydemis
working efedively. Recordsindicated thet thelagt saviang wesin the qaring of 1983, well beyond themenufediure’s
recommeanded yealy ingoedtion schedlle

B. EhaeOxde

1

Work pradiossregarding loeding and unlceding of the SA damber Should bemodified to minimizeexpoaureto HO. Duning
lceding, theampoulesshould be broken only &ter the begs are placed into the chamber in arder to teke advantage of the
negetive pressure provided by the chamber'slocd exhaudt ventilation sysem. For the samereeson, beg contentsshould be
ramoved from the Silization begs pafarady without removing theitemsfrom the dnember. Snce usad deilization begswere
found to beasourcedf resdud HO, thereisno reeson they could nat befurther aerated with the peckeged items and
ubssuently discarded.

Tominmizeeqoauresd warkesentaing the cargo hdd during BHO aardtion, flexidleduding of affident legthtoexted
ausdeof thecargo hald door should be connected to the exhaudt fan saviang the SA diamber. (Thisshould dso bedaneto
theather fan savidng the OR. wall evaougtion outlet onceit isreplaoadl)

Theganad vatildioninthedraet houd bedlowed torun a lesgt 5-10 minutesbeforewarkers are parmitted acoessinto the
dailization room, onmamingsfdloring ovamight daizaion

Fdlow-up evironmentd sampling for anesthetic gesesand BXO should be condudted to assre thet the extent of impdlementaion of the
aboverecommendationsisadequeteto pratect the Prgect Orbis g mambas
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Tadel
NitrousOxide, Hdotheneand | soflorane Expoares

Prgect Oris Inc.
SnJoxe CodaRica
HETA 86-277
July 10-11, 1986
Saple Environmental Conoantration (ppm)*
Dae SampleDesriptiont Opadtion Anethesa Sapling Sapling Vdure Nitous  Hdathene Ioflorane Commats
Method Duration Device? Liters Oxice
71086 Aresheddogg, BZ Detached Retina LV.inedioy 08101038 GB - 68 - - Patientwes
EndoTube LD - 66 - - admingered mixture
cr 3B - - 12 of NO,isoflurane,
andaxygenviaendo-
71086 SobNus BZ " " 08101041 GB - 45 - - trached tube Keder
LD - 74 - - ayomedhing asource
cr 33 - - 032 of NLO, wasusad ebout
10 minutesduring opertion
71086 CirauatingNursee " " 0810-1039 LD - 76 - -
cr K7 - - 02
71086 Visting ByeSurgeon, BZ " " 0810-103%6 LD - 40 - -
cr A - - 019
71086 AN Room A " " 08101048 LD - 45 - -
cr 36 - - 018
7-10-86 Reoovay RoomNursg BZ - - 10381230 GB - 37 - - Pogtoperative
LD - e - - petient wasprimary sourcedf expoareto
(1) 24 - - 087 wadeanesthetic geses fromexided
bresth
7-11-86 Aneshesdogg, BZ Detached Refira Mask Inductiony 0706-0925 GB - 121 - - Patient wasinduosd
EndoTube LD - 137 - - with mixtured ni-
cr 3 - 34 22 trousaxideand helo-
therethengvena
7-11-86 SoubNuss BZ " " 0706-0924 LD - 8l - - mixturedf N,O,
" " o1) 2 - 029 040 isoflorane, and oxygen viaintubetion
Cryomachinewasnot usd.
7-11-86 GradaingNusee BZ " " 0706-0934 GB - 2 - -
LD - 72 - -
cr 33 - 037 036
7-11-86 Visting ByeSurgeon, BZ " " 07070921 LD - R - -
cr 3 - 028 038
7-11-86 AN Room, A " " 07080928 GB - 10 - -
cr 3 - trace 016

Continued



Table1 (continued)
NitrousOxide, Hdotheneand | soflorane Expoares

Prgect Oris Inc.
SnJoxe CodaRica
HETA 86-277
July 10-11, 1986
Saple Environmental Conoantration (ppm)*
Dae SampleDesriptiont Opadion Anethesa Sapling Sanpling Vdume Nitous  Hdathene Isoflorane Commats
Method Duration Devic? Liters Oxice
7-11-86 Recovay RoomNursg BZ " " 0924-1313 GB - 24 - - Podoperative
LD - PA] - - petientswereprimery
(61) 51 - trace 0% ourcedf expoareto anethetic gases
fromedded bregth
7-11-86 NuseAnethesdogd, Cataract 1V.inedioy 0431133 LD - 106 - - PdientgvenN,O,
Bz EndoTube (1) 24 - - 14 isofloraneand axygen
mixtureviaintubetion
7-11-86 SoubNuse BZ " " 0431133 LD - vivJ - - Cryo mechinewasnot
cr 23 - - 041 usd
7-11-86 CirauaingNug, BZ " " 0431133 LD - 63 - -
Ccr 24 - - 050
7-11-86 Visting Srgeon, BZ " " 09431128 LD - 53 - -
Ccr 24 - - 044
7-11-86 AN Room, A " " 0431134 LD - 59 - -
cr 24 - - 033
NIOSH Recommended ExpoaureLinits(during period of edminidration): §5 5 5

1 BZ=bregthing zonear ample A =ddionaty ar ample
2 Samplingdevicss GB - gesheg; LD - Landauer (nitrousaxide) dosmeter; CT = charaod tube
3. Environmenta concentration expressad in partsper million (ppm), ssatime weighted averapeover thesampling pariod.

trace=abovelimit of detectionbut b ow limit of quentitation



Tade2
Nitrous Oxide Expoaures Duing Usedf Cryo Madhinein Oparaing Room

Pgedt Oris Inc,
SnJoe CodaRica
HETA 86277
July 10, 1986
N,O
Anegheda Sarding Soding Conoaniration? Commats
Dae Sanple Desiptiont Opadion  Mehod Duration Devicg? (o)
7-1086 BissdembBgnex,BZ Deached IV/ED 0355-0934 LD 120 Cryo mechineusad about 10 minutesauring
Rdina sampling paiod. Concommittant expoaure
towadeanethdlic geses
71086  SoubNuss BZ Comea locd 1537-1643 GB 16 Cryomechineused about 10-15 minutes
trangdlat duing sampling paiod. No NLO adminigered duning
gperaion
7-10-86  Biog/gemEngnes,BZ " " 1537-1556 GB 9 Spat pat of imeoutdded OR.
NIOSH Recommended ExposureLimit: 8§25

1 BZ =hregthing zoredr sample
2 Samdingdevices LD - Landauer (nitrousaxide) dosimeter; GB - gesheg
3. BEnvironmentd conoanirationin parts per million (ppm), asatimeweaghted averege over the sampling period



Dae

7-8-86

7-9-86

7-9-86

7-09-86
7-09-86

7-10-86

7-10-86

7-10-86

Sample Dexipion

Heed Nuse Sailizaa Rm

Sqilizar Room

Sqilizar Room

Cagohdd
Nurse cargo hdld

Nurse g4ilizer room

Ingdeussd, Seilized

Amprdeneébeg
Nurse Sqilizar Room

i

BZ

N

DT

DT

9 9

DT

Bhylene Oxide Concartraions
Pgedt Oris Inc.
SnJoe CodaRica

HETA 86277

July 811, 1986
Spe Spe Ervironmentd Conoartration (pom)
Time Vdure CT Method DT Method

(itey

15431545 33 16 -
07100715 - - 2
0838-0843 - - ND
07240042 28 05 -
0806-0816 15 07 -
13581400 34 17 -
1403-1408 - - 30
17351736 11 35 -

Tade3

(contirued)

Commats

Nursebroke 3 Ampreneeampoules
(through begs) then placed begsinto
daizaionaaaion damba
Sarpetskenimmediady dter
entaing aradlt beforeadivation of
gead vatilaions/dem
Sampletaken about 75 minutes eter
adivaiond generd andlocd edradt
vatilgions/dars

Sameasdove

Sapeadlededwhilenursewes
aaaning medica sypdies
Nureramoved 3 Amprdeneg begsfram
chamber, removed contents; then placed

indvicLel begsbedk into damber for
futhe agdion

Sarpetskenimmediady dter
contantswarereamoved from dnambar

Nursebrake5 Amprdene2ampoules
(ﬁambagS)ﬁmriaoed begsinto



Table3 (continued)
Bhylene Oxide Concartraions

Pgedt Oris Inc.

SnJoxe CodaRica

HETA 86277
Ly 811, 1986

_%nge S Sape Sape

Dae Sample Dexiption Mehod“  Time Vdure
(ite

7-11-86  Silizar Room GA CT 0634-0640 9

7-11-86  Silizar Room GA CT 0647-0703 24

NIOSH Recommended Expoaure Limit

1 BZ =hreghing zoredr sarde GA =ganad aeadr sarple P=proosssar sarple
2. CT =charood tube (H-Br trested)); DT = detector tube

Environmental Conoariration (pom)

CT Mehaod DT Method

03 -

01 01

5(10mincdling  5(0mincdiing

3. BEnvironmentd conoanirationin parts per million (ppm), asatimeweighted averege over the sampling period
ND = nondedtedtable lessthan 1 pom for the detector tube or lessthen 26 micograms par samplefor charaod tube method,

Sargetskenimmediady dter entging
aradt beforeadtivation of ganerd
vatildgions/dem
Sampleteken about 7 minutester
adivaiond generd andlocd edradt
vatilgions/dars



